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Therefore isolators 6A and €B have been used to 
isolate the bit line from the sensing nodes SA and SB 
associated with the sense amplifier. The isolators are 
devices which completely isolate the bit lines &om the 
sense nodes. 

As noted earlier, while the aforenoted device was 
successM in isolating the bit lines from the sense nodes, 
thus eHminating the requirement to charge the bit line 
capacitances 5A and SB during the initial part of the 
sensmg interval, the diSerential between sense nodes 
was sometimes uncertain and sometimes small, and was 
affected by noise, or even being below the noise levd. 
Accordin^y an mcorrect bit value could be sensed. 

In addition, dnce the isolator must be turned on and 
aS, additional steps in the memory access sequence 
must be performed. Farther, the isolator must be inhib- 
ited in order to restore the logic level to the memory 
capacitor and indeed, if an incorrect bit were read, the 
restored bit value would also be incorrect Clearly both 
speed and reliability of the memory were sacrificed. 

FIG. 2 illustrates an embodiment of the present in- 
vention. An imperfect isolation device 8A and SB, 
driven from a source i>in is connected in series between 
each bit line and each sense node. In the embodiment 
shown in FIG. 2 the imperfect isolation devices are 
N-channel enhancement mode FETs 8A and 8B. How- 
ever alternatively, or m addition, P-channei enhance- 
ment mode FETs are connected in senes between each 
bit line and each sense node. Tbs gates of the transistors 
9A and 9B are connected together to a logic source <|>/p, 

Witih reference to FIGS. 2 and 3, operation of the 
device is as follows. At the begmning of an acdve cycle 
the voltage ^jn is brought from a boosted level, e,g. 
Vpp to a lower level that still allows cell charge to flow 
to the sense amplifier as noted, e.g. V^. Then, as de* 
scribed earlier, either transistor 2A or 2B is enabled, 
causing the charge on either bit storage capacitor lA or 
IB to be dmnped on an associated bit line. Charge on 
the bit line l^dcs through the high resistance source- 
drain circuit transistor SA or SB (assnming transistors 
9A and 9B are not present) to the sense node SA or SB, 
charging the small capacitance associated tiierewitk 

Subsequently the sense amplifier 3 is enabled by ap- 
plying high logic level and low logic level /^]{, as 
described earlier. The sense amplifier is caused to ^ly 
the full logic levels 4>r and /4>r to the sense nodes SA 
and SB, latching due to the cHfferential thereacros& 
However due to the voltage drop between the sources 
and drains of transistors 8A and SB, bit line capacitances 
5Aand 5B will only be charged up to a reduced voltage 
less than full logic level applied to the sense nodes. 
Since capacitances SA and SB arc charged a reduced 
amount, the sensing interval is considerably reduced 
from the prior art; the sensing is faster because the sense 
node voltage differential develops faster for the same 
sense current budget Data can be read out over the data 
bus by enabling column access transistors 4A and 4B, as 
soon as a sufficient potential exists across the sense 
nodes. Hence memory access time is improved by the 
isolation devices. While the restore charge on capaci- 
tors lA and IB is less than full logic level, they can be 
fully restored after column access, 

AfEer the peak current has occurred in the first stage 
of sensing the ^jqv level is brought back up to the 
boosted level Vpp to allow full restore of the bit Imes. 
This causes a second peak in sensing current Compared 
to prior art sensing current peaks are lower and are 
distributed over time. 
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It was noted earlier that P-channel transistors 9A and 
9B could be used in place of transistors S A and SB, or in 
series therewith as shown m the figure. If P-daannel 
transistors arc used, their gates should initia31y be at a 
4>xp level Vbby and are raised to a level Vssdming the 
initial part of sensing when a high impedance isolation 
device is required. 

It had been noted earlier that resistive voltage drops 
in the conductive tracks in the semiconductor memory 
from the sense amplifier driver circuits to the far end of 
the array cause quick sensing at the near end of the 
anay (dose to the sense amplifier driver circuits) and 
slow (retarded) sensmg at the far end of the array. Thus 
memory access must be delayed to accommodate the 
sensmg of the slowest column. 

According to another embodiment of the mvention, 
rather than driving the logic /<^, and input leads of 
the sense amplifiers directly from the sense amplifier 
drivers, local puH down FETs or puU up FETs are 
used. Indeed, diese FETs may be shared among several 
sense amplifiers in adjacent columns. 

As shown in FIG, 2, rather than the sense amplifier 
bang connected to /<j»y and logic sources, they are 
connected through the source-drain circuits of FETs 
12A and 12B to voltage sources Vdd 2nd ground (Vj^) 
respectively. The gates of transistors 12A and 12B are 
driven from the /^r and logic sources respectively. 

The ground and V^d power tracks on an integrated 
drcuit memory normally are of low resistance. There- 
fore the provision of those sources to the sense amplifl- 
ets is through short and low resistance conductors. 

However since the /^r and <)>5 logic signals driving 
the gates of transiston 12A and 12B require only a small 
amount erf current, there will be a considerably reduced 
voltage drop in their conductive tracks from one end of 
the memory to the other. Thus the difference in opera- 
tion time of the sense amplifiers between the ne^ and 
fer ends is considerably reduced, and can be considera- 
bly increased m speed over prior art DRAMs, 

The result of the lastniescribed embodiment is in- 
creased reliabihty, since leaky to Imes which have been 
deprogrammed will not affect sense Kne conent in 
other bit Imes, if local sense clock drivers are shared 
only among bit Imes with the same redundancy address. 
No additional power supplies are required other than 
those normally on the chip. 

The result of the above embodiments is increase m 
sensing speed and more uniformity of sensmg speed 
across a large DRAM. 

It should be notjed that either of the erabodmients can 
be used separately or in conjunction. For example, N« 
/^lumnrf bit Ime isolation devices could be used in con- 
junction with local sensing amplifier enabling puD 
downs as described, to control peak Vdd current and 
Vfir current respecdvdy. 

A person understandmg this inv«ition may now con- 
cdve of alternative structures and embodiments or vari- 
anons of the above. All of those which fall within the 
scope of the claims appended hereto are considered to 
be part of the present invention. 
We claim: 

£T A dynamic random access memory (DRAM) com- 
prising: 

(a) a plurality of bit storage capacitors, 

(b) a folded bit line comprised of a complementary bit 
line pair for receivmg diarge stored on one of said 
capacitors, having bit line capacitance. 



^^'slt^f '^^f^' ''^^2 ^ of sense nodes for 
a voltage differential across said seme 

^'^i^^'^f^°^ controllable current leakage im- 
P^eot isolating means connectmg said bit Kne to 
««3 sense nodes for receiving an LabEng 
for causing current leakage therethrougfa betw^ 
^d sense nodes and the bit line while mainS 
high resistance, amwmmg 

^PP'^^ voltage for cans- 

si^tSi.^""^"^ '"'^ ^'^'^ 

^^wT^*? '^^''^S s^inperfeot isolating n«ans 
and thereby removing isolation between s^d 
nodes and the bit line, sense 

"^S^ r ^'^"Sh the sense amplify 

to said sense nodes is enabled to charge said bh Em 
capacitance through said imperfect i^la^ 

n^^. ^ ^"^^ in claim 1 in wlJja said im- 

mS^.^H^r'^! ''^ ^ of N-channri enhiiS- 
men^ mode field effect transistors each havtag a s^S^ 

^ ^ ''^^^^l in daim 2 moluding a volLf^ 
source applied to gates of each fidd efifect trSor 
havmg an mitial voltage level which Is ErS 2d 

w Z^ fr"^ ^"^ *° ^ and It a liS 

inVt ^ defined indaim 1 m which said isok^ 
fBfT'' ^ of P-cham>eI enhancement mode 

rl^^r?».^ bit Ime of the bit line pai£l 
J^. A DRAM as defined m dahn 4 inclu^g a voltase 
source applied to gates of each field effe^f t^S?lr 
havmg an mitial voIUge level whid, is lower S^S 
logic voltage level and a following enawSg^W 

levdj '^'"^ *° said mitial votoS 

Q. A dynamic random access memory (DRAM) as 
<^ad m clahn I, further comprising: ^ 
a2'^!^P'^*^'^^« «'P«=tive sense enable 
^ f "*P"** ^■'''^ providing Ml high 

and ftll low logic levels respectively to said senS 

^ftnT" f"'*?^^ ™^ providing fiiU high and 
fiifl low logic level voltages, ^ 

(o) a pair of field effect transistors, one being a P- 
channd enhancement mode type having ite^oi^ 

^t^«^'^^-°^'''^"'P°«'«'^PPJy voltage 
^ the other bemg an N-chamiel enhmcemmt 

having its source-drain circuit cS 
iM«ed between the sense enable input and the low 
logic level power supply voltage, Ld 

'■^^e ^ ''ense signals to 
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associated sense amplifiers, the bit lines being arrayed 
across an integrated circuit chip and the sense amplifiers 
being disposed in a row, a pair of low-resistance power 
supply conductors extending in parallel with said row 
for carrying logic high level and logic low level volt- 
ages, sense amplifier enabling signal conductors extend- 
ing across said chip accessible to said sense amplifiers, 
means for coupling sense inputs of said sense amplifiefs 
to said power supply conductors, and means coupling 
said sense ampliiaer enabling signal conductors to en- 
abling inputs of said means for coupling sense inputs, for 
enabling passage of current resulting from said logic 
high level and low level voltages to said sense amplifi- 

IjS. a dram as defined in claim 7 in wMch said means 
for coupling sense inputs of said sense amplifiers is com- 
prised of field ^ect transistors having their gates con- 
nected to said sense amplifier enabling signal conduc- 
tors, said gates forming said miabling inputs^ 

(3, A DRAM as defined in claim 8 in which the sense 
inputs of gtotxps of said sense ampli^ers are connected 
together to the same field effect transistor drain termi- 
naO 

Qo. A DRAM as defmed in claim 1, further compris- 
ing: 

(a) the sense amplifier having sense enable and restore 
enable inputs for providing fdl high and fuE low 
logic levels respectively to said sense nodes, 

<b) power supply means for providing full high and 
full low logic level voltages, 

(c) a pair of field effect transistors, one having its 
source-drain circuit connected between said re- 
store enable input and the high logic level power 
supply voltage and the other having its source- 
drain circuit connected between the sense enable 
input and the low logic level power supply voltage, 
and 

(d) means for providing restore and sense signals to 
gates of said one and other field effect transistors 
respectively, 

whereby restore and sense current is supplied to said 
sense amplifier from said power supply means 
rather thaa fix»nisaid means for providing restore 

^ and sense signaisD 

ill. A DRAM as defined in claim 1, further compris- 
ing a plurahty of bit lines and associated sense amplifi- 
ers, the bit hnes being arrayed across an integrated 
circuit chip and the sense amplifiers being disposed in a 
row, a pair of low-resistance power supply conductors 
extending in parallel with said row for carrying logic 
high level and logic low level voltages, sense amplifier 
enabling signal conductors extending across said chip 
accessible to said sense amplifiers, means for coupling 
sense inputs of said sense amplifiers to said power sup- 
ply conducton, and means couplhig said sense amplifier 
enabling signal conductors to enabling inputs of said 
means for coupling sense inputs, for enabling passage of 
current resulting from said logic hi^ level and low 
level voltages to said sense amplifier^ 

[12. A DRAM as defined in claim 3, further compris- 
ing a plurality of bit lines and associated sense amplifi- 
ers, the bit lines being arrayed across an integrated 
circuit chip and the sense amplifiers being disposed in a 
row, a pair of low-resistance power supply conductors 
extending in parallel with said row for carrying logic 
high level and logic low level voltages, sense amplifier 
enabling signal conductors extending across said chip 
accessible to said sense ampiiafier$, means for coupling 
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sense inputs of said sense anqsiifiers to said power sup- 
ply conductors, and means coiq)ling said sense amplifier 
enabling signal conductors to enabling inputs of said 
means for coupling sense inputs, for enabling passage of 
current resulting from said logic high level and low 
l^vel voltages to said sense arnplifiersT) 

A DRAM as defined in claim 5, further compris- 
a plurality of bit lines and associated sense amplifi- 
the bit lines being arrayed across an integrated 
Scuit chip and the sense amplifiers being disposed in a 
jl^jw, a pair of low-resistance power supply conductors 
^Si^ending in parallel with said row for carrying logic 
-ligh level and logic low level voltages, sense amplifier 
l^nabling signal conductors extending across said chip 
|:acicessible to said sense amplifiers, means for coupling 
=SSnse inputs of said sezise amplifiers to said power sup- 
sply conducton> and means coupling said sense amplifier 
Henabling signal conductors to enabling inputs of said 
■jmeans for coupling sense inputs, for enabling passage of 
:^<Sjbrrent resulting from said logic hi|h levd and low 
ffevel voltages to said sense amplifier?} 
|.j24. A DRAM as defined in claim 11 in which said 
".means for coupling sense inputs of said sense amplifiets 
ys=comprised of field effect transistors having their gates 
|.^nhected to said sense amplifier enabling signal con- 
ductors, said gates forming said enabling inputsT} 
{TS. A DRAM as defined in claim 14 in which the 
sense inputs of groups of said sense amplifiers are con- 
nected together to the same field effect transistor drain 
terming 

Q6. A. method of sensing in a folded bit line type of 
dynamic random access memory (DRAM) having a bit 
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storage capacitor for coupling to the bit line and a sens- 
ing amplifier having sense nodes» comprising: 

(a) imperfectly isolating the sense nodes of the sens* 
mg amplifier from the bit line using an knperfect 
isolating means, 

(b) coupling the capacitor to the bit line, thereby 
dumping its ciiarge thereon, 

(c) leaking said charge through the imperfect isolat- 
ing means to one of the sense nodes, thereby caus- 
ing a voltage differential across said sense nodes, 

(d) sensing said differential by said sense amplifier and 
applying full high and low logic voltage levels 
respectively to said sense nodes, 

(e) inhibiting isolation of said sense nodes from said 
bit line, whereby full logic levels are applied to 
complementary bit Imes of said folded bit line?} 

(fl. A method as defined m claim 16, in which the 
isolating means is comprised of the source-drain circuits 
of a pair of enhancement mode field effect transistors 
respectively connected between the sense nodes and the 
complementary bit lines of the folded bit line, and said 
isolating step is comprised of applying an inhibiting 
voltage to gates of said field effect transistors, and the 
inhibiting isolatmg step is comprised of changing the 
inhibiting voltage to the same voltage as one of said full 
logic voltage levels, whereby upon application of said 
fidl logic levels to said sense nodes during the sensing 
step, a field effect transistor having a gate voltage clos- 
est to a logic level applied to a sense node to which it is 
connected is caused to inhibit current flow into the bit 
line/*) 

* * « * 4( 
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ls^ A method of sensing and restoring data stored in a dynamic random access 
memory (DRAM) comprising the steps of: 

applying a V^^ voltage to controlling inputs of a pair of bit line isolation 
devices coupled between a complementary bit line pair and a bit line 
sense amplifier: 

enabling an access transistor coupled between a bit storage capacitor and 
a bit line of the complementary bit line pair to dump charge fi-om the bit 
storage capacitor to the bit line: 

enabling the bit line sense amplifier to sense a voltage differential created 
across the complements bit line pair as a result of dumping charge 
from the bit storage capacitor: 

enabling a pair of column access devices coupled to the complementary 
bit line pair once the voltage differential has reached a sufficient value: 

applying a V^p voltage higher than the V^^ voltage to the controlling 
inputs of the bit line isolation devices to allow full restore of the bit lines. 



19. A method as claimed in claim 18 wherein the bit hne isolation devices are N- 
channel field effect transistors (FETs). 

20. A method as claimed in claim 18 wherein the step of enabling the bit line sense 
amphfier is comprised of applying an active high logic level and an active low 

20 logic level to inputs of the bit line sense amphfier. 
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2L A method is claimed in claim 20 wherein the active high logi c level and active 
low logic level are applied to inputs of the bit line sense ampUfier throu gh local 
transistors connected to voltage source power tracks and gated bv logic signals. 

22, A method of sensing and restoring data stored in a dvnam ic random access 
5 memorv (DRAM) comprising the steps of: 



(a) applying a V^^ voltage to controlling inputs of a pair of bit l ine isolation 
devices coupled between a complementarv bit line pair and a bit line 
sense ampUfier: 

{b} enabling an access transistor coupled between a bit stor age capacitor and 
10 a bit line of the complementary bit line pair to dump charge from the bit 

storage capacitor to the bit line; 

{c} enabling the bit line sense ampUfier to sense a volt age differential created 
across the complementarv bit line pair as a result of dum ping charge 
from the bit storage capacitor: 

15 (d) applying a V^^ voltage higher than the V^ ^ voltage to the controlling 

inputs of the bit line isolation devices to allow Ml restore of t he bit lines. 



23. A method as claimed in claim 22 wherein the bit line isolation devices are N- 
channel field effect transistors (FETsV 

24. A method as claimed in claim 22 wherein the step of enabli ng the bit line sense 
20 amplifier is comprised of applying an active high logic level and an a ctive low 
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logic level to inputs of the bit line sense amplifier^ 

25. A method is claimed in claim 7 wherein the active high log ic level and active 
low logic level are annUed to inputs of the bit line sense amplifier through local 
transistors connected to voltage source power tracks and gat ed bv logic signals, 
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